Background/Aims: The aim of the present study is to investigate the effect of long noncoding RNA-MALAT1 (LncRNA-MALAT1) on retinal ganglion cell (RGC) apoptosis mediated by the PI3K/Akt signaling pathway in rats with glaucoma. Methods: RGCs were isolated and cultured, and monoclonal antibodies (anti-rat Thy-1, Brn3a and RBPMS) were examined by immunocytochemistry. An overexpression vector MALAT1-RNA activation (RNAa), gene knockout vector MALAT1-RNA interference (RNAi), and control vector MALAT1-negative control (NC) were constructed. A chronic high intraocular pressure (IOP) rat model of glaucoma was established by episcleral vein cauterization. The RGCs were divided into the RGC control, RGC pressure, RGC pressure + MALAT1-NC, RGC pressure + MALAT1-RNAi and RGC pressure + MALAT1-RNAa groups. Sixty Sprague-Dawley (SD) rats were randomly divided into the normal, high IOP, high IOP + MALAT1-NC, high IOP + MALAT1-RNAa and high IOP + MALAT1-RNAi groups. qRT-PCR and western blotting were used to detect the expression levels of LncRNA-MALAT1 and PI3K/Akt. Terminal deoxynucleotidyl transferase dUTP nickend labeling (TUNEL) and flow cytometry were used to detect RGC apoptosis. Results: Immunocytochemistry revealed that the cultured RGCs reached 90% purity. Compared with the RGC pressure + MALAT1-NC group, the RGC pressure + MALAT1-RNAa group exhibited elevated expression levels of MALAT1, lower total protein levels of PI3K and Akt and decreased RGC apoptosis, while these expression levels were reversed in the RGC pressure + MALAT1-RNAi group. RGC numbers and PI3K/Akt expression levels in the high IOP model groups were lower than those in the normal group. In the high IOP + MALAT1-RNAa group, the mRNA and protein expression levels of PI3K/Akt were reduced but higher than those in the other three high IOP model groups. Additionally, RGC numbers in the high IOP + MALAT1-RNAa group were lower than those in the normal group but higher than those in the other three high IOP model groups. Conclusion: Our study provides evidence that LncRNA-MALAT1 could inhibit RGC apoptosis in glaucoma through activation of the PI3K/Akt signaling pathway.
Li-Xin Sun
RGC preparation and culture Sprague-Dawley (SD) rats were decapitated under sterile conditions for separation of the retina under a dissecting microscope. After digestion with 0.125% trypsin, the retina was maintained at 37°C for 20 min. Then, the supernatant was discarded following centrifugation at 1000 r/min and neutralized with 0.25% trypsin inhibitor (Sigma-Aldrich Chemical Company, St Louis MO, USA). The supernatant was removed by centrifugation and washed with Mg 2+ Kred solution (containing 1% bovine serum albumin), and culture medium (containing 1% bull serum albumin, 6.7 ng/ml selenium, 5.5 μg/ml transferrin, 60 μM putrescine, 100 nM 3, 5,3-triiodothyronine T3, 20 nM progesterone, B27, 1 mM sodium pyruvate, 2 mM glutamine, 50 ng/ml brain-derived neurotrophic factor, 10 ng/ml ciliary neurotrophic factor and 5 μM forskolin and antibiotics, which were all purchased from Sigma-Aldrich Chemical Company, was added and triturated by pipette to equally separate the cells. After quantification, the cells were incubated on culture plates (cover glass coated with 0.1 mg/mL polylysine). Then, a single-cell suspension was placed in Dulbecco's Minimum Essential Medium (DMEM) containing 10% fetal bovine serum at a density of 1 × 10 6 cells. The cells were conventionally passaged at 37°C in an incubator with 5% CO 2 and saturated humidity.
Identification of RGCs
A cell suspension with 1 × 10 5 cells/well was seeded into 24-well plates, and the cells were cultured for 4 days and selected. Monoclonal antibodies (anti-rat Thy-1, Brn3a and RBPMS) were examined by immunocytochemistry. The cells were fixed with 4% paraformaldehyde for 2 h, washed with distilled water 3 times, and incubated with 3% hydrogen peroxide for 5 min. After the cells were washed with phosphatebuffered saline (PBS), a goat serum working solution was added and incubated with the cells at room temperature for 15 min and then dumped. Rabbit anti-rat Thy-1, Brn3a, and RBPMS monoclonal antibodies were added to the wells, and PBS was added to the wells of the negative control (NC) group. The plates were incubated at 4°C overnight and then washed with PBS 3 times. Next, goat anti-rabbit IgG was added to the wells, and the plates were incubated at room temperature for 15 min and then washed with PBS 3 times. Horseradish peroxidase (HRP)-labeled streptavidin working fluid was then added to the wells, followed by 3 washes with PBS. After staining with 3, 3-diaminobenzidine (DAB) 15 min, the cells were washed with tap water. After the water was removed, all cells were mounted with neutral balata.
Lentivirus plasmid construction
A pair of LncRNA-MALAT1-siRNAs (19 mers) was designed according to the siRNA design program published online by Invitrogen (Carlsbad, CA, USA). The siRNA expression lentiviral pGCSIL-GFP/U6-vshRNA vector (LncRNA-MALAT1-RNAi vector) was synthesized by Shanghai Genechem Co., Ltd. (Shanghai, China), and the sequence for LncRNA-MALAT1-RNAi 5765-5783nt was as follows: 5'-GCAGAGGCAUUUCAUCCUU-3'. PROMOTER SCAN was used to predict the LncRNA-MALAT1 promoter sequence. In addition, a pair of dsRNAs (21 mers) was designed to target the non-Cpg island sequences. A dsRNA lentiviral pGCSIL-GFP/U6-vshRNA vector (LncRNA-MALAT1-RNAa vector) was synthesized by Shanghai Genechem Co., Ltd. (Shanghai, China), and the sequences for LncRNA-MALAT1-RNAa 574-592nt were as follows: 5'-CGAGAAUUCUAGACUAGUATT3' and 3'-UACUAGUCUAGAAUUCUCGTT-5'. At the same time, a NC lentiviral pGCSIL-GFP-vshRNA vector (LncRNA-MALAT1-NC vector) was also constructed.
RGC grouping and transfection
The RGCs were divided into the RGC control (without pressure treatment and with culture conditions identical to those of the other groups), RGC pressure, RGC pressure + MALAT1-NC, RGC pressure + MALAT1-RNAi and RGC pressure +MALAT1-RNAa groups. One day prior to transfection, a total of 1 × 10 5 cells were seeded into a 24-well plate, and each well contained 500 μl antibiotic-free medium. When 50-70% confluence was reached, the successfully established recombinant vectors MALAT1-RNAi, MALAT1-RNAa and MALAT1-NC were used to transfect the RGCs with Lipofectamine 2000 (Invitrogen Inc., Carlsbad, CA, USA) according to the grouping. A plasmid/liposome mixture by Lipofectamine 2000 was prepared in a sterile Eppendorf (EP) tube, including 12 μl Lipofectamine 2000 + 500 μl serum-free solution maintained at room temperature for 5 min and 6 mg empty plasmid + 500 μl serum-free solution maintained at room temperature for 20 min to deliver a combination of DNA and liposomes. The cells in the culture bottle were washed with serum-free solution. The combination of DNA and liposomes was gently mixed with serum-free solution (antibiotic free) and was then added to a 60-mm culture dish for transfection at 37°C in an incubator with 5% CO 2 . 
Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA from RGCs and retinal tissues was extracted by TRIzol reagent (Invitrogen Inc., Carlsbad, CA, USA), and the 260/280 value of each sample was detected using an ultraviolet spectrophotometer (Shanghai spectrum instrument Co., Ltd., Shanghai, China). The samples were stored at -80°C after the RNA concentration was calculated. Reverse transcription of cDNA was conducted in accordance with the kit instructions (Shanghai Genechem Co., Ltd., Shanghai, China). The reverse transcription products were diluted 5 times with sterilized water and stored at -20°C. PI3K and Akt primers were synthesized by Shanghai Generay Biotech Co., Ltd. (Shanghai, China) ( Table 1 ). The PCR reaction system was 23.5 μl in volume, including SYBR Premix EX TaqTM, 1 μl cDNA, 10 μM (each 0.5 μl) upstream and downstream primers, and 9.5 μl of sterile water. Amplification conditions consisted of a total of 30 cycles of pre-denaturation at 94°C for 3 min, denaturation at 94°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 60 s. qRT-PCR was performed in an ABI7500 qRT-PCR instrument (ABI Company, Oyster Bay, NY, USA) with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the internal control. Melting curve analysis was used to evaluate the reliability of the PCR results, and 2 -△△Ct was used to calculate the relative expression of the target gene. ΔΔCT = ΔCt experimental group -ΔCt control group , ΔCt = Ct LncRNA-MALAT1 -Ct GAPDH .
Western blotting
The total protein of RGCs and retinal tissues was extracted in accordance with the instructions of twodimensional gel electrophoresis by Amersham plc (GE Healthcare, Chicago, Illinois, United States). The protein concentration was detected in accordance with the instructions of a bicinchoninic acid (BCA) kit (AR0145, Wuhan Boster Biological Technology Co. Ltd., Hubei, China). The extracted proteins were added to sample buffers, and the mixture was boiled for 5 min at 95°C. Each mixture included 30 μg sample, and 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to isolate proteins at electrophoresis voltages of 80 V and 120 V. The mixture was then transferred to polyvinylidene fluoride (PVDF) membranes at a membrane transfer voltage of 100 V for 45-70 min. After the membranes were incubated with 5% BSA blocking solution at room temperature for 1 h, p-PI3K antibody (1:750; ab182651, Abcam, Cambridge, UK), PI3K antibody (1:1000; ab86714, Abcam, Cambridge, UK), p-Akt antibody (1:750; ab38449, Abcam, Cambridge, UK), or Akt antibody (1:500; ab8805, Abcam, Cambridge, UK) was added. After a 30-min incubation at room temperature, the membranes were stored at 4°C in a refrigerator overnight. The membranes were washed with Tris-buffered saline Tween (TBST) 3 times/10 min, and incubated with the corresponding second antibody for 2 h at room temperature. Then, the membrane was washed 3 times/10 min, and color developing reagent (mixed with equal proportions of liquid A and B) was added to the protein membrane. A ChemiDocXPS light system was used for development. ImageJ software was used to analyze the image. The ratio of the target band to GAPDH light density was regarded as the relative concentration of protein expression, and the data were analyzed.
Flow cytometry with Annexin V-FITC/propidium iodide (PI) double staining
After 48 h of transfection, the RGCs were obtained and washed 3 times with PBS and then processed to a 1-ml single-cell suspension. The culture solution was discarded by centrifugation at 1000 r/min at 4°C 
Laboratory animals
Sixty male albino SD rats (weighing 200~250 g) were provided by the laboratory animal center of Xiangya Hospital, Central South University. These rats had no fundus abnormalities or other eye problems and were treated with adaptive feeding before experiments. Each cage included 3~5 rats maintained under a 12-h light-dark cycle at 21°C with free access to water and food. All procedures on laboratory animals were conducted in strict conformity with the rules on animal protection of the International Association for the Study of Pain [22] .
Animal grouping
Sixty SD rats were randomly divided into the normal (rats without high IOP, n = 12), high IOP (rats with high IOP, n = 12), high IOP + MALAT1-NC (high IOP rats injected with NC lentiviral vector, n = 12), high IOP + MALAT1-RNAa (high IOP rats injected with LncRNA-MALAT1-RNAa lentivirus, n = 12), and high IOP + MALAT1-RNAi groups (high IOP rats injected with LncRNA-MALAT1-RNAi lentivirus, n = 12). The rats were killed 15 days after treatment. Freshly prepared 4% paraformaldehyde (Wuhan Boster Biological Technology Co. Ltd., Hubei, China) was used to fix the ascending part of the left ventricle aorta. The retina was removed and also stored in 4% paraformaldehyde. After 10 d, the high IOP groups were injected with the NC lentiviral vector, LncRNA-MALAT1-RNAa lentivirus and LncRNA-MALAT1-RNAi lentivirus at a dose of 2~4 U/kg (approximately 1 U per rat), while the rats in the normal group received an equal volume of normal saline once per day for 15 d.
Establishment of high IOP models
Episcleral veins were cauterized to establish the chronic high IOP glaucoma models. Before model establishment, the SD rats were injected with 3% pentobarbital sodium (30 mg/kg, Sigma, St. Louis, MO, USA) for general anesthesia, and eye drops were applied twice for topical anesthesia. Then, the bulbar conjunctiva was cut open along the edge of the super-temporal, infer-temporal and nasal cornea to separate eye muscle and fascia to find the episcleral veins. After cauterization of three veins with a disinfected pin, congestive engorgement was seen in the proximal veins, while the distal veins became white. Before and after model establishment, a gentamicin injection mixed with saline was used to wash the conjunctival sac. Anti-inflammatory erythromycin eye ointment was administered twice a day for 3 days after model establishment (Mayinglong Pharmaceutical Group Co., Ltd., Hubei, China). After 10 days, the rats with an average IOP maintained at 22 mmHg (1 mmHg = 0.133 kPa) or above were regarded as successfully induced models.
Intraocular pressure measurement
A TONG-Pen AVIA hand-held applanation tonometer (Reichert Technologies, AMETEK, Inc., Berwyn, Pennsylvania, USA) was used to detect the IOP of the rats in the normal group and high IOP groups before model establishment (0 days) and 3 day, 10 days, 20 days and 30 days after model establishment. The conjunctiva and cornea were observed for inflammatory reactions. The rats received eye drops twice for topical anesthesia before IOP measurement. IOP was measured by the same person at 15:00 to avoid manual errors. Each eye was measured twice every time, and readings outside a 90% confidence interval were rejected. The rat eyes were washed with diluted gentamicin solution after IOP measurement.
Hematoxylin-eosin (HE) staining
The retinal tissue was extracted from fixative, embedded in paraffin, and cut into 10-μm-thick sections. HE staining was conducted as follows: 30 min of xylene dewaxing; 2 min of 100% and 95% alcohol; 2 min of 70% alcohol and distilled water; 15 min of hematoxylin staining; 5 min of tap water washing; 5 min of 1% ethanol; 5 min of tap water washing; 1 min of 50%, 70%, 80%, and 90% alcohol; 2 min of dyeing with ethyl alcohol; 2 min of 95% alcohol; 2 min of 100% alcohol I and II; and 2 min of Xylene II and I.
RGC counting and electron microscopy observation
The retinal tissue under the infratemporal quadrant was obtained, embedded in Durcupan, cut into 0.5-μm-thick semi-thin sections, stained (1% borax: 1% methylene blue = 1:1), and mounted with digital picture exchange (DPX). An Olympus microscope was used to observe staining results and take pictures for cell counting (40× magnification). Other retinal tissues were obtained by cutting along the sagittal line to the optic nerve root. The tissue was placed on ice and cut into sections of 1 mm 3 before fixation for 12 h in 4% glutaraldehyde. Next, the tissue sections were quickly washed 3 times with 0.1 M PBS (Beijing Zhong Shan Golden Bridge Biotechnology Co., Ltd., Beijing, China) (3 min/time), fixed in 1% osmic acid for 1.5 h, washed 3 times with 0.1 M PBS (3 min/time), and subjected to gradient dehydration with 0%, 70%, 80%, 90%, and 100% alcohol (15 min for type I and type II). Later, the sections were soaked in Epon for 3 h and embedded, cut into 2-μm-thick sections, and stained with methylene blue. Each layer of retinal cells was observed under a light microscope for positioning and block repairing before 50-μm-thick slices were obtained with a chipping machine. Then, double staining was conducted with uranyl acetate and lead citrate to observe ultrastructural changes in the retinal nerve fiber layer (RNFL) capillary and the morphology of RGCs under a H-7500 transmission electron microscope (Hitachi Limited, Japan) and obtain photos.
Immunohistochemistry (IHC)
Ten frozen sections randomly selected from each group were used for IHC. The sections were baked at 37°C for 10 min, placed into a humidified box, washed 3 times with PBS (3 min/time), incubated for 12 min at 37°C with 3% H 2 O 2 , and washed 3 times with PBS (3 min/time). Goat serum blocking fluid was added, and the sections were placed in an oven at 37°C for 15 min with the addition of a PI3K antibody (1:100; ab28356, Abcam, Cambridge, UK), p-Akt antibody (1:100; ab81283, Abcam, Cambridge, UK), Akt antibody (1:100; ab8805, Abcam, Cambridge, UK), or RBPMS antibody (1:100) and then placed in a humidified box at 4°C overnight. Next, the sections were incubated for 30 min at room temperature and washed 3 times (3 min/time) with PBS. The secondary antibody (goat anti-rabbit IgG, ab150077, Abcam, Cambridge, UK) was added and incubated with the sections at 37°C for 15 min, followed 3 washes with PBS (3 min/time). Horseradish peroxidase (HRP)-labeled streptavidin was added to the sections, which were incubated at 37°C for 15 min, followed by 3 washes with PBS (3 min/time). Freshly DAB solution was added to the sections for 1 min at room temperature, and the reaction was terminated before 3 min of water washing, 2 min of hematoxylin staining, 3 min of washing, dehydration with an alcohol gradient, and transparent mounting with xylene. The sections were then photographed with an optical microscope. Each section was observed under high magnification (×400/200) at 5 randomly selected visual fields. Brown or tan staining of the cell cytoplasm and (or) membrane indicated positive labeling, while blue staining indicated negative labeling. A motic image analysis system was used. The mean optical density (OD) value was regarded as the positive expression of PI3K/Akt total proteins and phosphorylated proteins. Semi-quantitative analysis was conducted on the positive staining results
TUNEL staining
The retinal tissue was soaked in freshly prepared 4% paraformaldehyde/potassium phosphatebuffered saline (PFA/KPBS) solution (PH = 7.4) for 15 min at room temperature and immersed in 1 × KPBS solution for 5 min at room temperature, incubated with 20 μg/ml Proteinase K solution for 8~10 min, and fixed in 4% PFA for 5 min. Then, the tissue was soaked in 1 × KPBS solution for 5 min at room temperature and 100 μl equilibration buffer at room temperature for 5~10 min. The reaction and incubation solution included equilibration buffer, nucleotide mix, and rTdT enzyme at a ratio of 45:5:1. The solution was added to the retinal specimens, which were incubated in a humidified box at 37°C for 1 h. The sections were placed in 2 × SSC working solution for 15 min at room temperature before reaction termination. Then, the sections were soaked in 1 × KPBS solution for 5 min at room temperature, which was repeated 3 times before the addition of 4',6-diamidino-2-phenylindole (DAPI) for a 15-min incubation at room temperature. The 1 × KPBS solution was used for 5 min of immersion and rinsing. After the sections were mounted with coverslips, they were observed under a fluorescence microscope at 520 ± 20 nm, and photos were taken. Green fluorescence indicated positive TUNEL staining. The blue DAPI signal was clearly visible at 460 nm. Photos were processed with DP manager software before storage. The experimental figures were processed by Photoshop software for later analysis.
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Statistical analysis
Data were analyzed with SPSS 22.0 software (SPSS Inc. Chicago, IL, USA). Differences between groups were analyzed using Student's t test, and comparisons among groups were analyzed using one-way analysis of variance (ANOVA) and Bonferroni's multiple comparison test. Measurement results are presented as the mean ± standard deviation. P < 0.05 was considered significantly different.
Results

Thy-1, Brn3a and RBPMS staining in retinal ganglion cells (RGCs)
The anti-rat Thy-1, Brn3a and RBPMS monoclonal antibodies were examined by immunocytochemistry. The membranes and axons of the cells exhibited brown-yellow staining, and the positive cells showed typical processes that were mutually connected. After staining, four visual fields were randomly selected in four directions (the upper, lower, left and right) in each specimen for observation and counting, demonstrating that the cultured RGCs reached 90% purity. (Fig. 1) .
The expression levels of LncRNA-MALAT1, PI3K and Akt among the five groups
Compared with the RGC control group, each pressure RGC group exhibited reduced expression levels of LncRNA-MALAT1, as well significantly reduced expression levels of mRNAs, total proteins and phosphorylated PI3K and Akt (all P < 0.05). Among the pressure groups, the RGC pressure + MALAT1-RNAi group exhibited reduced expression of LncRNA-MALAT1, as well as lower expression levels of mRNAs, total proteins and phosphorylated PI3K and Akt, while these expression levels were significantly elevated in the RGC pressure + MALAT1-RNAa group compared with those in the RGC pressure + MALAT1-NC group. No significant difference was revealed between the RGC pressure and RGC pressure + MALAT1-NC groups (all P > 0.05) (Fig. 2) .
RGC apoptosis among the five groups RGC apoptosis in the pressure groups was significantly higher than that in the RGC control group (P < 0.05). Among the pressure groups, RGC apoptosis was increased in the RGC pressure + MALAT1-RNAi group and decreased in the RGC pressure + MALAT1-RNAa group compared with that in the RGC pressure + MALAT1-NC group. No significant difference was found between the RGC pressure and RGC pressure + MALAT1-NC groups (P > 0.05) (Fig. 3) .
IOP in high IOP model SD rats
Forty-eight high IOP rats were included in the experiment. Before model establishment (0 days), the mean IOP of the rats was 17.58 ± 3.15 mmHg. After model establishment, the mean IOP was 26.12 ± 6.13 mmHg after 3 days, 33.46 ± 7.25 mmHg after 10 days, 38.01 ± 6.58 mmHg after 20 days and 36.98 ± 7.26 mmHg after 30 days. There was a significant difference between the normal phase and other time points (P < 0.01) ( Table 2) . IOP was stable after 10 days of model establishment, followed by the beginning of the experiments. Pathological changes in the retina of SD rats among the five groups HE staining was used to observe the general pathological changes in the retina. The tissues were obtained for detection after 15 days of drug administration. Compared with normal rats, the high IOP model rats exhibited fewer cells and thinning in the inner plexiform layer (IPL) and ganglion cell layer (GCL), especially the high IOP + MALAT1-RNAi rats. Compared with the high IOP and high IOP + MALAT1-NC groups, the high IOP + MALAT1-RNAi group showed fewer cells and thinning in the IPL and GCL, while the high IOP + MALAT1-RNAa group showed more cells and increased thickness in the IPL and GCL (Fig. 4) . 
The number of RGCs among the five groups
Retinal morphological changes were detected in the tissues treated with drug administration for 15 days. Methylene blue staining of the normal group showed that most RGCs were located at one side and presented a round or polygonal shape with big, lightcolored nuclei and deeply stained nucleolus, but cytoplasm staining was shallow, and the cell boundary was clear. Under a light microscope, nuclear membrane and cell membrane depression, nuclear chromatin condensation, and dark cytoplasm staining were found in the RGCs in the high IOP, high IOP + MALAT1-NC, high IOP + MALAT1-RNAa, and high IOP (Fig. 5A ). According to continuous, 480-μm counting, the number of RGCs in each high IOP model group was significantly lower than that in the normal group (all P < 0.05). The number of RGCs in the high IOP + MALAT1-RNAi group was significantly lower than that in the high IOP + MALAT1-RNAa, high IOP + MALAT1-NC, and high IOP groups (all P < 0.05). The number of RGCs in the high IOP and high IOP + MALAT1-NC groups was significantly lower than that in the high IOP + MALAT1-RNAa group (both P < 0.05) (Fig. 5B) .
RGC observation under an electron microscope among the five groups
The tissues were observed following 15 days of treatment administration. The results of RGC observation under an electron microscope were as follows: in the normal group, RGC nuclei were oval with regular morphology, normal perinuclear space, evenly distributed chromatin (with medium electron density), lacked margination phenomenon or obvious organelle edema, and had a complete cell membrane (Fig. 6A) ; among the high IOP groups, the high IOP + MALAT1-NC and high IOP + MALAT1-RNAi groups exhibited irregularly shaped RGC nuclei with significantly widened perinuclear space and unevenly distributed chromatin with obvious margination phenomenon. In addition, in the high IOP + MALAT1-RNAi group, the cytoplasmic membrane was incomplete with fracture phenomenon in the boundary, and severe edema and hydration changes were observed in the organelles such as mitochondria, endoplasmic reticulum and Golgi apparatus, resulting in many porphyritic, vacuolated and even bullous electron lucent zones (Fig. 6B, 6C, 6E ). In the high IOP + MALAT1-RNAa group, RGC nuclei showed typical oval shapes and regular morphology with slightly widened perinuclear space and evenly distributed chromatin without margination phenomenon. The plasma membrane was basically complete, and no obvious edema was found in the organelles (Fig. 6D) . 
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Observation of capillaries in the RNFL under an electron microscope among the five groups
In the normal group, the RNFL vascular walls were intact, and the cells were closely connected with regular morphological shapes of the endothelial cells and pericytes. There was no abnormal change, and the basement membrane was complete (Fig. 7A) . By contrast, in the high IOP, high IOP + MALAT1-NC and high IOP + MALAT1-RNAi groups, severely damaged vascular wall cells, irregularly shaped endothelial cells and pericytes, and severe edema were observed. In addition, in the high IOP + MALAT1-RNAi group, the connections between endothelial cells and pericytes were irregular with partial loss, the basement membrane was markedly ruptured, and the vascular walls were not intact (Fig. 7B, 7C, 7E ). However, in the high IOP + MALAT1-RNAa group, the RNFL vascular walls were intact, pericytes showed signs of regeneration, and no obvious edema existed in the cells; in addition, the basement membrane was slightly thickened, and its overall shape was similar to that of the normal group (Fig. 7D) .
Expression levels of mRNA, total protein and phosphorylated PI3K/Akt signaling pathway molecules among the five groups
The tissues were obtained following 15 days of treatment administration, and qRT-PCR and western blotting were used to detect the expression levels of mRNA, total protein and phosphorylated PI3K/Akt signaling pathway molecules among the five groups. Compared with the normal group, the high IOP model groups showed significantly decreased expression levels of PI3K and Akt mRNA, total protein and phosphorylation (all P < 0.05). Compared with the high IOP + MALAT1-RNAa group, the high IOP, high IOP + MALAT1-NC, and high IOP + MALAT1-RNAi groups exhibited decreased expression levels of PI3K and Akt mRNA, total protein and phosphorylation; the high IOP + MALAT1-RNAi group showed the most significant decreases (all P < 0.05). There was no significant difference between the high IOP group and high IOP + MALAT1-NC group in terms of the expression levels of PI3K and Akt mRNA, total protein and phosphorylation (all P > 0.05) (Fig. 8) .
Comparisons of PI3K/Akt total proteins and phosphorylated proteins among the five groups
The tissues were obtained following 15 days of treatment administration. In the normal group, increased positive expression levels of PI3K/Akt total proteins and phosphorylated proteins were observed in the RGCs and vascular endothelial cells of the RNFL, while the (Fig. 9-10 ).
Positive rate of apoptotic RGCs in SD rats detected by TUNEL staining among the five groups
The tissues were obtained after 15 days of treatment administration. Positive apoptotic RGCs mainly exhibited brown staining in the cytoplasm or nucleus, while negative cells showed blue staining. Compared with the normal group, all high IOP model groups showed a significant increase in the positive rate of apoptotic RGCs (all P < 0.05). Compared with the high IOP + MALAT1-NC and high IOP groups, the high IOP + MALAT1-RNAi group showed a significantly increased positive rate of apoptotic RGCs, and the high IOP + MALAT1-RNAa group showed a significantly decreased positive rate of apoptotic RGCs (all P < 0.05). However, there was no significant difference in the positive rate between the high IOP + MALAT1-NC and high IOP groups (P > 0.05) (Fig. 11) .
Discussion
Glaucoma is an eye disease characterized by optic atrophy and visual field loss and has become a major disease that affects/ human life, which could result in blindness because of the death of RGCs [23, 24] . Presently, although surgery or drugs are often used to control IOP, patients with controlled IOP still suffer from optic atrophy and RGC apoptosis [25, 26] . Additionally, as an inhibitor of proteasomes and calpain, N-acetyl-leucyl-leucyl-norleucinal (ALLN) treatment may promote cell death of primary retinal neurons via the necrosis and apoptosis [27] . Therefore, there is an urgent need for seeking for therapies that protect against RGCs degeneration [28] . The aim of this study was to investigate the protective effect and mechanism of LncRNA-MALAT1 on RGCs in glaucoma mediated by the PI3K/Akt signaling pathway and to find a more effective treatment for glaucoma.
Compared with the high IOP and high IOP + MALAT1-NC groups, the high IOP + MALAT1-RNAi group showed fewer RGCs and thinning in the IPL and GCL layers and a significant decrease in the number of RGCs. In addition, the overall RGC morphology in the high IOP + MALAT1-RNAa group was similar to that of the normal group. Compared with the high IOP + MALAT1-NC and high IOP groups, the high IOP + MALAT1-RNAi and high IOP + MALAT1-RNAa groups showed a significantly increased positive rate of apoptotic RGCs. LncRNA-MALAT1 is a long chain of non-coding RNA that controls epigenetic gene regulation and splicing and is associated with lung cancer metastasis [29] . LncRNA-MALAT1 also plays an important role in the regulation of endothelial cell angiogenesis [30] . High IOP is the most important risk factor for the occurrence and development of glaucoma-induced blindness [31] . In a rat model of glaucoma, the apoptosis of RGCs can be observed for the first time after 2 weeks, and RGC apoptosis is consistent with reduced RGC numbers, suggesting that apoptosis may be the main cause for reduced RGCs [32] [33] [34] . It is reported that autophagy that induced by pharmacology in vivo could increase the number of living cells after traumatic injury, implying that autophagy play a cytoprotective role in RGCs and the regulation of autophagy might provide a novel therapeutic strategy to mitigate retinal nerve diseases [35] . LncRNA-MALAT1 can be induced by TGF-β1, and LncRNA-MALAT1 silencing affects TGF-β1 function and may indirectly regulate neuronal apoptosis by upregulating Bcl-2 expression [36, 37] . Jin Yao et al. also confirmed the decrease in IPL and GCL cells after LncRNA-MALAT1 knockdown, indicating that LncRNA-MALAT1 knockdown affects the survival of RGCs; moreover, LncRNA-MALAT1 expression affects RGC functions, such as RGC viability, proliferation and apoptosis, suggesting that LncRNA-MALAT1 plays an important role in RGC survival and morphology [38] . Downregulation of LncRNA-MALAT1 can lead to decreased visual function and retinal cell apoptosis [39] . In addition, LncRNA-MALAT1 can promote cell proliferation by activating the PI3K/Akt pathway [18, 19] . Nakazawa et al. created an ischemic model of optic nerve injury with optic nerve crush and found that PI3K/Akt pathway activation produces a neuroprotective effect against retinal and optic nerve injury [39] . Moreover, the P13K/Akt signaling pathway can contribute to the neurite outgrowth of differentiated RGCs [40] . Therefore, this pathway is needed to inhibit the occurrence of apoptosis and promote axonal regeneration in both glaucoma and optic neuropathy [41, 42] . In this study, compared with the high IOP + MALAT1-RNAa group, the high IOP, high IOP + MALAT1-NC and high IOP + MALAT1-RNAi groups all exhibited decreased PI3K and Akt mRNA expression levels, total proteins and phosphorylation levels. Among these groups, the high IOP + MALAT1-RNAi group exhibited the most significant decreases. High IOP can lead to elevated glutamate levels, which in turn contribute to increased Ca2+ in RGCs and ensuing RGC damage and loss [43] . Knockdown or reduced expression of LncRNA-MALAT1 inhibited the expression levels of ERK/mitogen-activated protein kinase (MAPK) and PI3K/ Akt, leading to significant decreases in P13K mRNA, Akt mRNA, total proteins, as well as phosphorylation levels of PI3Kp85 and Akt [18] . Western blotting analysis showed that expression levels of total protein and phosphorylation of PI3K and Akt in the high IOP + LncRNA-MALAT1-RNAi group were significantly decreased, indicating that the PI3K/Akt pathway might participate in MALAT1-induced proliferation and survival of RGCs. Moreover, LncRNA-MALAT1 knockout can lead to the inactivation of the PI3K/Akt signaling pathway [19] . Another study even showed that a low-dose PI3K/Akt pathway inhibitor can inhibit the survival of RGCs in a high IOP group, while high-dose inhibitors have no significant impact on a normal group [44] . Therefore, the PI3K/Akt pathway may affect RGC survival in the context of IOP elevation but not under normal conditions. This study investigated the protective effect and mechanism of LncRNA-MALAT1 on RGCs in glaucoma mediated by the PI3K/Akt signaling pathway. We confirmed that LncRNA-MALAT1 inhibits RGC apoptosis in glaucoma through promoting the PI3K/Akt signaling pathway.
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